† , Student Member and Tae-Sun CHOI †a) , Member SUMMARY The rapid growth of multimedia applications has increased interest in the compression of video data. This paper presents a new method for improving the compression ratio of video data, which can be easily used in a multilayer environment for error resilience applications as well. Data of four luminance blocks in a macroblock are processed and arranged in such a way that important macroblock data is compressed in one block(A), while the rest of the three remaining data blocks(H,V,D) are given difference values in the horizontal, vertical and diagonal directions. This results in a reduced bitstream size because of the low-valued data present in the three blocks(H,V,D), giving better compression at low bitrates. In an error resilient environment, the important data block in a macroblock is transmitted in a secure channel while the remaining three blocks with difference data are sent via a lossy channel. If error occurs in the lossy channel, picture can still be reconstructed with reasonably good quality using only the block data that is transmitted in the secure channel. key words: video compression, macroblock processing, error resilience
Introduction
Interest in video compression is currently motivated by the increasing demand for multimedia applications. It is performed on huge amounts of video data to increase storage and transmission efficiency. To achieve compression, most video coding techniques exploit large amounts of spatial and temporal redundancy present in the highly correlated video data. Temporal redundancy between two successive frames is reduced by using block based motion compensation method, whereas transform coding [1] is used to reduce spatial redundancy, i.e. similarities within the image. Quantization process is performed next on the transformed coefficients in a lossy manner, to generate a high compression ratio at the cost of degradation in the reconstructed image quality. For further reduction in size, entropy encoding techniques are used with the expense of increased computation time. This coding approach [5] , [6] is very popular these days and is used in most commercially available image and video codecs such as JPEG, MPEG and H.263 for a variety of applications.
Compression schemes providing video services over error prone networks have led to the development of effective error resilient techniques [7] , [8] . They can tolerate a limited amount of error during transmission, and thus minimize the degradation of video quality caused by errors in case of data loss. One simple method for data error correc- tion is automatic retransmission of requested data. Another popular technique for detecting and correcting data errors is the use of Forward Error Correcting (FEC) codes along with transmitted data. These methods can handle small errors but significantly decrease transmission efficiency. Because of the limited capacity of channels, it is not feasible to provide a completely error-free path between source and destination, especially when they are far apart. Therefore, lossy error handling techniques [4] , [7] , [8] are used to detect errors and minimize their effect on reconstruction rather than correcting it. The most effective lossy scheme for combating channel errors in video applications is to implement multilayered coding with unequal error protection [4] . A different level of error protection is given to each layer using various error correction methods. In a conventional twolayer error resilient video coding technique [7] using scalability options, low frequency DCT coefficients that contain most of the block information are transmitted in a secure channel, whereas remaining less important data of the block is transmitted via lossy channel. At the decoder, data is received separately and then combined together for reconstruction [2] . Prediction techniques are used for better reconstruction in case of data loss in a noisy channel. This paper proposes a new algorithm to increase the compression ratio of video sequence data at low bitrates, with only a marginal effect on reconstructed picture quality. This algorithm has an additional advantage that it can be effectively used for error resilience applications with good error handling capacity.
Proposed Algorithm
In order to reduce the number of bits required to represent video data, a new algorithm is proposed for high compression that uses conventional video codecs such as MPEG-2 [5] and H.263. By manipulating values of all the four luminance blocks within a macroblock, we can increase the compression ratio without sacrificing the picture quality significantly. One block(A) is packed with a selected portion of macroblock data, whereas rest of the three blocks(H,V,D) hold only difference data in the three directions. Due to the difference blocks, this technique reduces the number of bits required to encode a macroblock and hence results in high compression of video sequences.
The data for an image separated according to its relative importance within a macroblock is useful for error resilience applications, which is an additional advantage of the proposed algorithm. A two-layer error resilient method can be used for this purpose, in which one layer (base layer) is made highly secure by using error correcting methods whereas the other layer (enhancement layer) remains a lossy one. The basic concept is that most of the useful data of a macroblock is packed in one block and is transmitted in a secure channel(base layer), while rest of the three blocks with remaining data are sent via a lossy channel(enhancement layer). This two-layer error protection scheme is highly resilient to data loss and allows gradual degradation as the channel encounters an increase in channel errors, rather than total corruption of data at the receiver during transmission. The block diagram of proposed coding algorithm is shown in Fig. 1 .
Encoding
The proposed algorithm transforms a macroblock into four blocks in such a way that most of the macroblock information is compressed into one block(A). Every macroblock is first divided into 2×2 window and then data processing is performed on each window using simple arithmetic operations. The first transformed block(A) contains average values of the corresponding four pixels in a 2×2 window, whereas the second(H), third(V) and fourth(D) blocks hold values which are the average difference of these 2×2 pixel values in horizontal, vertical and diagonal directions, respectively. Mathematically, it can be represented as:
After processing of macroblocks using the proposed method, rest of the encoding procedure is similar to conventional algorithms [5] ; i.e. these blocks undergo Discrete Cosine Transform(DCT) and Variable Length Coding(VLC) to increase the compression. With the proposed coding scheme, resultant data size is further reduced due to the lowvalued data present in H, V and D blocks, thus increasing compression efficiency of the coder. As the manipulated data undergoes transformation (DCT), some loss of data occurs which results in a slight decrease in reconstructed SNR.
To have a minimum effect on picture quality, this algorithm is applied only to inter and B-pictures in the sequence. For error resilience applications, block A is transmitted in a secure channel and the three other blocks in a lossy one. In case of error, i.e. loss in H, V and/or D blocks during transmission, the picture can still be reproduced with a reasonable quality using block A data only. Figure 2 shows a portion of macroblock divided into 2×2 windows for data conversion using proposed algorithm.
Reconstruction
For proper reconstruction of data compressed through the proposed technique, inverse operation is used on each block. Macroblock data is re-ordered again after undergoing inverse transform (IDCT) to achieve proper results. Inverse ordering operation for proposed algorithm to obtain macroblock data a i, j is computed as:
In case of channel error, data in a lossy channel may be discarded. As long as the base layer remains error-free, a satisfactory reconstruction is guaranteed. Reconstruction of picture in case of loss of higher level layer is carried out using block data information transmitted in secure channel only.
Experimental Results
The proposed algorithm is implemented in software and results are obtained for several video sequences. MPEG-2 video codec is used to test the proposed algorithms with QCIF sequences of Laboratory, Miss America and Carphone. Different quantization values 'Q' are used in experiments with N = 12 and M = 3, where N =distance b/w two I-frames and M =distance b/w two P-frames. Data of a macroblock is manipulated according to the proposed algorithm prior to DCT coding, and then coded. At the decoder, macroblock data is re-ordered again before reconstruction, and picture is reconstructed with the help of this data. Experimental results show that the compression ratio is further increased when the proposed method is used at lower rates. Even better performance is observed when it is applied to slow motion pictures. To minimize the effect on reconstructed SNR, these algorithms are applied only to INTER and B-picture transmission, and not to INTRA picture (i.e., INTRA pictures are coded without processing of macroblock data). An artifact known as 'dri f t' does not produce a significant effect during reconstruction because the proposed data processing is not applied to encode IN-TRA frames. Therefore, any 'dri f t' generated can propagate only within a GOP with its effect diminished when the next INTRA frame is coded. Also, for multilayer error resilient applications, INTRA frames are sent completely in a lossless channel, and thus produce no serious reconstruction problem even in the case of error. Comparative results of the proposed method with original MPEG-2 codec are shown in Fig. 3-5 . Figure 3 shows number of bytes per picture for 100 pictures with Q = 10 when the proposed algorithm is used. To clearly show the graphical results of number of bytes/picture obtained from INTER and B-picture coding, values are displayed after every 4 pictures (skipping 3 picture values in between them). INTRA picture values are not shown in the graphs to allow proper comparison of the algorithms. The reconstructed SNR for 100 pictures in the sequence is plotted in Fig. 4 . In order to further evaluate the proposed algorithm, a rate-distortion graph between compression size and reconstructed SNR is shown for the Laboratory sequence. MPEG-2 algorithm is compared with the proposed algo- rithm and is shown below in Fig. 5 . Compressed bitstream sizes for 100 pictures using different quantization values 'Q' are compared with the average reconstructed SNR (in dB) after 100 frames. The graph shows that the proposed algorithm has generally better compression capability compared to MPEG-2 at low rates, whereas MPEG-2 outperforms the proposed algorithm only for high-quality images. Figure 6 shows result of error resilience using the proposed algorithm. It shows the reconstructed 100th picture of Carphone sequence when error occurs during transmission in the lossy layer, and reconstruction is carried out using secure layer data only. Reconstruction with the proposed algorithm using only block data A (for Q = 10) is shown in this figure. It can be seen that the proposed algorithm has good performance even when used in error-resilient applications.
Conclusions
A new technique for increasing video compression is presented in this paper. The important data of a macroblock is packed in one block, while remaining less important data in the macroblock is placed in three other blocks. Better compression ratio is achieved using the proposed algorithm, compared to the original MPEG-2 coder at low bitrates. For error-resilient applications, important data block is transmitted in a lossless channel, whereas the remaining data of three blocks is sent via a noisy channel. In case of data loss, the picture is not corrupted completely, but can still be reconstructed with a reasonable quality using block data received from the secure channel. Execution time and complexity of the algorithm is negligibly increased as only simple arithmetic operations are used, making it suitable for real time applications.
